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54. Invention Title: Ultrahard Alloy and Cutting Tool Using It 

57. ABSTRACT 

Issue: To provide an ultrahard alloy with increased hardness and heat conductivity 
especially in the high-temperature region of 500°C and higher, and a cutting tool that 
uses it and has excellent wear resistance, plastic deformation resistance, and chipping 
resistance when cutting hard-to-cut materials such as stainless steel, etc. 

Means of Solution: Manufacture an ultrahard alloy 1 consisting of a tungsten 
carbide phase 2, a solid solution phase 3 consisting of at least two of carbides, nitrides, 
and carbonitrides of metals selected from groups 4a, 5a, and 6a of the periodic table, and 
a binder phase 5 containing at least one iron metal; it contains a Zr-Nb solid solution 
phase 7 containing at least Zr and Nb as the solid solution phase 3, and the ratio of the 
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average particle diameter & of the aforesaid Zr-Nb solid solution phase 7 to the average 
particle diameter di of the tungsten carbide phase 2 (d2/di) is 0.5-2. 

WHAT IS CLAIMED IS: 

Claim 1 : An ultrahard alloy comprising of a tungsten carbide phase, a solid 
solution phase consisting of at least two of carbides, nitrides, and carbonitrides of metals 
selected from groups 4a, 5a, and 6a of the periodic table, and a binder phase containing at 
least one iron metal; it contains a Zr-Nb solid solution phase containing at least Zr and 
Nb as said solid solution phase, and the ratio of the average particle diameter 62 of said 
Zr-Nb solid solution phase to the average particle diameter di of said tungsten carbide 
phase (d2/dj) is 0.5-2. 

Claim 2: An ultrahard alloy according to claim 1, wherein said Zr-Nb solid 
solution phase content is 1-10 vol% of the entirety. 

Claim 3: An ultrahard alloy according to claim 1 or 2, wherein in said solid 
solution phase the total content of solid solution phase other than the Zr-Nb solid solution 
phase is 1-10 vol% of the entirety. 

Claim 4: An ultrahard alloy according to any of claims 1-3, wherein the Ta 
content of said metals from groups 4a, 5a 5 and 6a of the periodic table is less than 1 wt% 
of the entirety when calculated as TaC. 

Claim 5: An ultrahard alloy according to any of claims 1-4, wherein said 
tungsten carbide phase content is the percentage of 60-95 vol%. 

Claim 6: An ultrahard alloy according to any of claims 1-5, wherein said binder 
phase content is the percentage of 1-20 vol%. 

Claim 7: A cutting tool consisting of an ultrahard alloy as described in any of 
claims 1 through 6. 

Claim 8: A cutting tool according to claim 7, wherein on its surface is formed at 
least one coating layer, as a single layer or multiple layers, selected from the group 
consisting of carbides, nitrides, and carbonitrides of metals from groups 4a, 5a, and 6a of 
the periodic table, TiAIN, TiZrN, diamond, and AI2O3. 

DETAILED EXPLANATION OF THE INVENTION 
[0001] 

Technical Field of the Invention 

The present invention pertains to a tungsten-carbide-based ultrahard alloy having 
the high strength and high toughness used in cutting tools, etc., and particularly suitable 
for cutting hard-to-cut materials such as stainless steel, and to a cutting tool that uses it. 
[0002] 
Prior Art 

Hitherto, the known ultrahard alloys widely used for cutting metals have consisted 
of a WC-Co alloy consisting of a hard phase that is primarily tungsten carbide and a 
binding phase of an iron metal such as cobalt, etc., or the aforesaid WC-Co alloy with a 
carbide, nitride, carbonitride, etc. solid solution phase of a metal from groups 4a, 5a, or 
6a of the periodic table dispersed therein. These ultrahard alloys have been used as 
cutting tools for cutting mainly cast iron and carbon steel, etc., but in recent years they 
have come to be utilized for cutting stainless steel. Stainless steel has excellent 
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properties — corrosion resistance, oxidation resistance, heat resistance — so it is used in a 
wide range of fields and the amount of it processed is increasing year by year. 
[0003] 

Problems the Invention Is to Solve 

Nevertheless, stainless steel is known as a hard-to-cut material because it is prone 
to work hardening, has low heat conductivity and easily heats up, and has high reactivity 
with a cutting tool. If stainless steel is cut using a conventional cutting tool, the cutting 
tool wears greatly and the tool life is short. 
[0004] 

Therefore the object of the present invention is to provide an ultrahard alloy with 
increased hardness and heat conductivity, especially in the high-temperature region of 
500°C and higher, and a cutting tool that uses it and has excellent wear resistance, plastic 
deformation resistance, and chipping resistance when cutting hard-to-cut materials such 
as stainless steel, etc. 
[0005] 

Means for Solving the Problems 

The present inventor studied the aforesaid problem, and as a result learned in an 
ultrahard alloy containing a tungsten carbide phase and an iron metal binder phase it was 
possible to increase the ultrahard alloy's heat conductivity and high-temperature strength 
by precipitating a Zr-Nb solid solution phase containing at least Zr and Nb as a solid 
solution phase and by controlling the ratio of the average particle diameter d 2 of the 
aforesaid Zr-Nb solid solution phase to the average particle diameter di of the aforesaid 
tungsten carbide phase (d 2 /di) to within the range 0.5-2. He also learned that using this 
as a cutting tool made it possible to obtain a cutting tool with excellent wear resistance, 
plastic deformation resistance, and chipping resistance when cutting hard-to-cut materials 
such as stainless steel, etc. 
[0006] 

That is, the inventive ultrahard alloy is characterized as an ultrahard alloy 
comprising of a tungsten carbide phase, a solid solution phase consisting of at least two 
of carbides, nitrides, and carbonitrides of metals selected from groups 4a, 5a, and 6a of 
the periodic table, and a binder phase containing at least one iron metal; it contains a Zr- 
Nb solid solution phase containing at least Zr and Nb as the aforesaid solid solution 
phase, and the ratio of the average particle diameter d 2 of the aforesaid Zr solid solution 
phase to the average particle diameter di of the aforesaid tungsten carbide phase (d 2 /di) is 
0.5-2. 
[0007] 

Here, the aforesaid Zr-Nb solid solution phase content is preferably 1-10 vol% of 
the entirety, and in the aforesaid solid solution phase the total content of solid solution 
phase other than the Zr-Nb solid solution phase is preferably 1-10 vol% of the entirety. 
[0008] 

Also, it forms an ultrahard alloy with excellent cutting characteristics when the Ta 
content of the aforesaid metals from groups 4a, 5a, and 6a of the periodic table is less 
than 1 wt% of the entirety when calculated as TaC. 
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[0009] 

Additionally, the aforesaid tungsten carbide phase content is preferably the 
percentage of 60-95 vol%, and the aforesaid binder phase content is preferably the 
percentage of 1-20 vol%. 
[0010] 

Also, the inventive cutting tool consists of the aforesaid ultrahard alloy. 
Preferably, on its surface is formed at least one coating layer, as a single layer or multiple 
layers, selected from the group consisting of carbides, nitrides, and carbonitrides of 
metals from groups 4a, 5a, and 6a of the periodic table, TiAIN, TiZrN, diamond, and 
A1 2 0 3 . 
[0011] 

Configurations of the Invention 

The inventive ultrahard alloy shall be explained based on FIG. 1, which is a 
schematic drawing thereof. According to FIG. 1, an ultrahard alloy 1 consists of a hard 
phase 4 consisting of a tungsten carbide phase 2 and a solid solution phase 3 consisting of 
at least two of carbides, nitrides, and carbonitrides of metals selected from groups 4a, 5a, 
and 6a of the periodic table, and a binder phase 5 containing at least one iron metal as its 
main component. 
[0012] 

According to the present invention, it is characterized in that it contains a Zr-Nb 
solid solution phase 7 containing at least Zr and Nb as the solid solution phase 3, and the 
ratio of the average particle diameter d2 of the aforesaid Zr-Nb solid solution phase 7 to 
the average particle diameter di of the tungsten carbide phase 2 (d2/di) is 0.5-2. This 
makes it possible to increase the hardness and heat conductivity of the ultrahard alloy 1, 
and by using this as a cutting tool it is possible to obtain a cutting tool with excellent 
wear resistance, plastic deformation resistance, and chipping resistance when cutting 
hard-to-cut materials such as stainless steel, etc. 
[0013] 

That is, the hardness and heat conductivity of the ultrahard alloy 1 decrease if the 
Zr-Nb solid solution phase 7 is not contained, so if this is used as a cutting tool and cuts a 
hard-to-cut material such as stainless steel, etc., the cutting temperature increases 
dramatically and the hardness of the ultrahard alloy 1 decreases and the tool's wear 
resistance and plastic deformation resistance decrease. 
[0014] 

Also, if the ratio of the average particle diameter d2 of the Zr-Nb solid solution 
phase 7 to the average particle diameter di of the tungsten carbide phase 2 (d2/di) is 
smaller than 0.5 the heat conductivity of the ultrahard alloy 1 decreases, the cutting 
temperature increases, and the wear resistance of the ultrahard alloy 1 decreases. 
Conversely, if the ratio of the average particle diameter d2 of the Zr-Nb solid solution 
phase 7 to the average particle diameter di of the tungsten carbide phase 2 (d 2 /di) is larger 
than 2.0 precipitation of the Zr-Nb solid solution phase 7 becomes excessive, so the 
strength of the ultrahard alloy 1 decreases and there may be too much tool chipping. 
[0015] 

Here, the main components of the Zr-Nb solid solution phase 7 are Zr or Nb. It 
preferably consists of a carbide, nitride, or carbonitride in which the total amount of Zr 
and Nb relative to the total metal content in the Zr-Nb solid solution phase 7 is 50 wt% or 
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higher, more preferably 70 wt% or higher. In addition, in order to maintain the balance 
between chipping resistance, thermal shock resistance, resistance to welding with the 
material being cut, and wear resistance and increase its cutting performance as a tool, the 
molar ratio expressed by Zr/(Zr+Nb) in the Zr-Nb solid solution phase 7 is preferably 
0.1-0.95, and more preferably 0.3-0.8. & { z %/ <\\ zl * 

[0016] ' 1 

Also, in order to improve affinity with the binder phase 5 and increase strength 
and heat conductivity, the Zr-Nb solid solution phase 7 may contain a metal other than Zr 
or Nb, selected from the periodic table group 4a, 5a, or 6a (Ti, V, Cr, Mo, Ta, W), 
particularly W and/or Ti, in the amount of 30 vol% of the entire amount. Furthermore, 
the content percentage of each metal component of the solid solution 3 in the present 
invention can be found by energy distribution X-ray analysis (EDS). 
[0017] 

In addition, from the perspective of providing heat conductivity and alloy strength 
and hardness, the Zr-Nb solid solution phase 7 content is preferably in a ratio of 1-10 
vol% relative to the entire amount of ultrahard alloy 1, and the composition of the Zr-Nb 
solid solution phase 7 is such that the molar ratio Zr/(Zr+Nb) is preferably 0.3-0.9, and 
more preferably 0.5-0.8. 
[0018] 

Also, as the solid solution 3, in addition to Zr-Nb solid solution phase 7, having 
one more solid solution 8 or more consisting of a carbide, nitride, or carbonitride 
(particularly one whose main component is Ti) selected from a metal other than Zr or Nb 
(Ti, V, Cr, Mo, Ta, W) in groups 4a, 5a, and 6a of the periodic table is preferred from the 
perspective of maintaining the high-temperature characteristics of the ultrahard alloy 1, 
particularly its oxidation resistance at high temperatures. 
[0019] 

Furthermore, the total content of the solid solution phase 8 other than the Zr-Nb 
solid solution phase 7 in the solid solution 3 is preferably 1-10 vol% of the entire 
ultrahard alloy 1 from the perspective of providing oxidation resistance at high 
temperatures and strength and hardness in the ultrahard alloy 1 . 
[0020] 

In addition, according to the present invention, if the Ta content amid the metals 
of the aforesaid groups 4a, 5a, and 6a of the periodic table in the entirety of the ultrahard 
alloy 1 is preferably 0.8 wt% or less of the total when calculated as TaC, and more 
preferably 0.5 wt% or less, and if it contains essentially nothing else except unavoidable 
impurities, it is possible to maintain excellent wear resistance, plastic deformation 
resistance, and chipping resistance. That is, the ultrahard alloy 1 has excellent thermal 
and mechanical characteristics — Vickers hardness (Hv) 1400 or higher, fracture 
toughness (Ki C ) 12 MPa/m' /2 or higher, 3-point bending strength 2500 MPa or higher, 
heat conductivity 70 W/m-K or higher at 800°C — without using the starting material Ta, 
which is very expensive compared to other starting materials. 
[0021] 

On the other hand, the tungsten carbide phase 2 consists of hexagonal crystals 
represented by WC, and is dispersed in the ultrahard alloy 1 in polygonal form with 
average particle diameter 0.5-3 |nm. Furthermore, the average particle diameter of the 
crystals in the present invention refers to values measured by the intercept method, using 
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details observed with a scanning electron microscope (SEM) photograph of a cross- 
section of the ultrahard alloy 1 . 
[0022] 

Also, according to the present invention, in order to maintain high hardness, high 
strength, high toughness, and high heat conductivity, the content percentage of tungsten 
carbide phase 2 in the entire ultrahard alloy 1 is preferably the percentage of 60-95 vol%, 
more preferably 80-90 vol%. 
[0023] 

On the other hand, from the perspective of maintaining alloy hardness and 
chipping resistance in the ultrahard alloy 1, the binder phase 5 present between the 
tungsten carbide phase 2 contains as its main component an iron metal such as Co, Ni, 
Fe, etc. in the ratio of 80 wt% or higher, and the content percentage of the binder phase 5 
relative to the entire ultrahard alloy 1 is preferably 1-20 vol%, and more preferably 
l<M5vol%. 
[0024] 

Manufacturing Method 

To manufacture the ultrahard alloy described above, first one mixes, for example, 
80-90 wt% tungsten carbide powder with average particle diameter 0.5-10 (am; Zr and 
Nb carbide, nitride, and carbonitride powder or solid solution powder with average 
particle diameter 0.5-10 (im and amounting to 0.1-10 wt% of the total amount; carbide, 
nitride, and carbonitride powder of a periodic table group 4a, 5a, or 6a metal other than 
Zr and Nb (Ti, V, Cr, Mo, Ta, W) or a solid solution powder of two or more of these 
metals with average particle diameter 0.5-10 jam and amounting to 0.1-10 wt% of the 
total amount; iron metal with average particle diameter 0.5-10 jam and amounting to 
5-15 wt%, and additionally if desired metal tungsten (W) powder or carbon black (C). 
[0025] 

Next, using the aforesaid mixed powder, the predetermined shape is formed by a 
known forming method such as pressing, casting, extrusion, cold isostatic pressing, etc., 
after which it is placed in vacuum at 0.1-15 Pa with a heat increase rate of 
l-20°C/minute, fired for 0.2-5 hours at 1350-1500°C, preferably for 0.5-2 hours, and 
the ultrahard alloy described above can be obtained. 
[0026] 

Also, the inventive ultrahard alloy described above has excellent mechanical 
characteristics and thermal characteristics — high hardness, high strength, high heat 
conductivity — so it can be employed as a mold, wear-resistant member, high-temperature 
structural material, etc., including cutting tools, and in addition it can be suitably used as 
a cutting tool for hard-to-cut materials such as stainless steel, etc. 
[0027] 

Also, the inventive cutting tool may have at least one coating layer, formed as a 
single layer or multiple layers, on the surface of the ultrahard alloy described above, 
selected from the group consisting of carbides, nitrides, and carbonitrides of metals from 
groups 4a, 5 a, and 6a of the periodic table, TiAIN, TiZrN, diamond, and A1 2 0 3 . 
[0028] 

Furthermore, forming the aforesaid coating layer on the ultrahard alloy may be 
done by polishing and washing the surface of the ultrahard alloy as desired, and then 
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using a known conventional thin film formation method such as PVD or CDV 5 etc. Also, 

the thickness of the coating layer is preferably 0.1-20 jam. 

[0029] 

Embodiments 
Embodiment 

Tungsten carbide (WC) powder with the average particle diameters shown in 
Table 1, metal cobalt (Co) powder with average particle diameter 1.2 jam, and the mixed 
powders shown in Table 1 with average particle diameter 2.0 (am were added and mixed 
in the ratios shown in Table 1 5 formed into a cutting tool shape (SDK42) by pressing, and 
then the temperature was increased from a temperature 500°C lower than the firing 
temperature at a rate of 10°C/minute, and fired at 1500°C for one hour to manufacture the 
ultrahard alloy. 
[0030] 

Five arbitrary cross-sections of the resulting ultrahard alloy were observed as 
reflected electron images using a scanning electron microscope, and the average particle 
diameter and content percentage were calculated for the Nb-Zr solid solution phase and 
tungsten carbide phase in arbitrary 20 |im x 20 jam regions using LUSEX [phonetic 
spelling] imaging analysis. Furthermore, the result of EDS analysis confirmed that 
samples No. 2-6 in accordance with the present invention all satisfied the Zr/(Zr+Nb) 
molar ratio of 0.3-0.8. The content percentages of other solid solution phases and the 
binder phase were also calculated. The results are shown in Table 1. 
[0031] 

Also, the three-point bending strength of specimens with thickness 2.5 mm and 
three-point bending span 10 mm and conforming to JISR1601 was measured at 800°C. 
In addition, the heat conductivity of specimens with diameter 10 mm and thickness 2.0 
mm was measured by the laser flash method in conformance with JISR161 1 . The results 
are shown in Table 1 . 
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[0033] 

Also, a TiN film with film thickness 2 jam was formed by PVD on the surface of 
each ultrahard alloy that was formed and cutting tools were manufactured. 
[0034] 

Next, stainless steel was cut for 15 minutes under the following parameters using 
these cutting tools, and cutting tool flank wear amount and boundary damage amount were 
measured. Furthermore, during the cutting tests the cutting time until the flank wear 
amount reached 0.2 mm or the boundary damage amount reached 0.5 mm was measured. 
In addition, the edge of the tool was observed after the cutting test, and the presence or 
absence of deformation and damage were checked. The results are shown in Table 2. 

Cut material: Stainless steel (SUS304) 

Tool shape: SDK42 

Cutting speed: 200 m/minute 

Feed speed: 0.2 mm/edge 

Depth of cut: 2 mm 

Other: Used water-based cutting fluid 

[0035] 
Table 2 



Sample 
No. 


Flank Wear 
mm (min) 


Boundary Damage 
Amount mm 


Presence/Absence of 
Chipping, Deformation 


* 1 


0.18 


0.62 


Yes 


*2 


x (8 min) 


x (8 min) 


Yes 


3 


0.12 


0.26 


No 


4 


0.08 


0.35 


No 


5 


0.15 


0.2 


No 


6 


0.1 


0.18 


No 


* 7 


0.16 


0.55 


No 


*8 


0.24 


0.26 


Yes 



[0036] 

According to the results of Tables 1 and 2, samples no. 1 and 2, which did not 
contain an Nb-Zr solid solution phase, had bad wear resistance and chipping resistance. 
Also, sample no. 7, in which the ratio d 2 /dj of tungsten carbide phase (WC) average 
particle diameter dj and Nb-Zr solid solution phase average particle diameter d 2 was 
smaller than 0.5, had lower heat conductivity, and hardness decreased with the rise in 
cutting temperature, and wear resistance was reduced. On the other hand, in sample no. 8, 
in which the ratio d 2 /di of tungsten carbide phase (WC) average particle diameter di and 
Nb-Zr solid solution phase average particle diameter d 2 was larger than 2, a coarse Nb-Zr 
solid solution phase precipitated, resulting in lower alloy hardness, and chipping occurred. 
[0037] 

In contrast to this, samples no. 2-6, which were in accordance with the present 
invention, contained an Nb-Zr solid solution phase, and the ratio d 2 /di of tungsten carbide 
phase (WC) average particle diameter di and Nb-Zr solid solution phase average particle 
diameter d 2 was 0.5-2.0, so each of them had excellent wear resistance and chipping 
resistance with the flank wear amount 0.15 mm or less. 
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[0038] 

Effect of the Invention 

As described above, the inventive ultrahard alloy contains a Zr-Nb solid solution 
phase that contains at least Zr and Nb as a solid solution phase and makes the ratio (d2/dj) 
of tungsten carbide phase (WC) average particle diameter di and Zr-Nb solid solution 
phase average particle diameter d 2 0.5-2.0, so it is possible to increase the hardness and 
heat conductivity of the ultrahard alloy, and by using this as a cutting tool it is possible to 
obtain a cutting tool that has excellent wear resistance, plastic deformation resistance, and 
chipping resistance when cutting hard-to-cut materials such as stainless steel, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 : A schematic diagram of the inventive ultrahard alloy. 

KEY TO CODES 

1 Ultrahard alloy 

2 Tungsten carbide phase 

3 Solid solution phase 

4 Hard phase 

5 Binder phase 

7 Nb-Zr solid solution phase 

8 Other solid solution phase 

FIG. 1 
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